Nutrients and sediments in runoff lead to the degradation of water quality of lakes and streams. Th e development of schemes to mitigate such degradation requires a characterization of the underlying transport processes. Th e objectives of this study were to develop annual and seasonal load-discharge relationships for suspended sediment (SS), total nitrogen (TN), and total phosphorus (TP) losses from a small mixed land use watershed and to use these relationships to explicate the annual and monthly patterns of losses of these species. Data from 1996 to 2004 were used to develop load-discharge relationships for SS, TN, and TP at the HP#6 watershed, a subwatershed of the Balhan reservoir watershed located in Bongdam-myun and Paltan-myun, Gyeonggi-do, Korea. Standard least squares curve fi tting and S-estimation procedures were used to fi t power functions to the data collected over this time period. Th e fi tted load-discharge relationships are indicative of seasonal variations in SS and TN and of TP losses from HP#6. Th e exponents of the fi tted power functions for TN and TP in the fall, for TP in summer season, and for SS in all seasons are >1, indicating that the concentrations of these species increase as fl ow rate increases. Most of the SS, TN, and TP transported in runoff left the watershed between April and September; thus, cost-effi cient strategies can be established by focusing on this period. Further study of the seasonal variations is required for a better characterization of seasonal losses of SS, TN, and TP in runoff from the HP#6 watershed. itrogen (N) and phosphorus (P) are widely known as the major nutrients associated with algal growth and the eutrophication of lakes and streams. Suspended sediment (SS) in runoff also leads to the degradation of water quality of lakes and streams. Th ese nutrients and sediments are signifi cantly aff ected by storm events.
Nutrients and sediments in runoff lead to the degradation of water quality of lakes and streams. Th e development of schemes to mitigate such degradation requires a characterization of the underlying transport processes. Th e objectives of this study were to develop annual and seasonal load-discharge relationships for suspended sediment (SS), total nitrogen (TN), and total phosphorus (TP) losses from a small mixed land use watershed and to use these relationships to explicate the annual and monthly patterns of losses of these species. Data from 1996 to 2004 were used to develop load-discharge relationships for SS, TN, and TP at the HP#6 watershed, a subwatershed of the Balhan reservoir watershed located in Bongdam-myun and Paltan-myun, Gyeonggi-do, Korea. Standard least squares curve fi tting and S-estimation procedures were used to fi t power functions to the data collected over this time period. Th e fi tted load-discharge relationships are indicative of seasonal variations in SS and TN and of TP losses from HP#6. Th e exponents of the fi tted power functions for TN and TP in the fall, for TP in summer season, and for SS in all seasons are >1, indicating that the concentrations of these species increase as fl ow rate increases. Most of the SS, TN, and TP transported in runoff left the watershed between April and September; thus, cost-effi cient strategies can be established by focusing on this period. Further study of the seasonal variations is required for a better characterization of seasonal losses of SS, TN, and TP in runoff from the HP#6 watershed. itrogen (N) and phosphorus (P) are widely known as the major nutrients associated with algal growth and the eutrophication of lakes and streams. Suspended sediment (SS) in runoff also leads to the degradation of water quality of lakes and streams. Th ese nutrients and sediments are signifi cantly aff ected by storm events.
Some studies have tried to characterize the temporal distribution and dominant pathways for N and P losses. Timmons and Holt (1977) determined nutrient losses in surface runoff by rainfall and snowmelt from a native prairie; they reported that approximately 60 to 80% of the average annual nutrient losses were via surface runoff . Th ese percentages were consistent with values reported by Owens et al. (1991) . Zhang et al. (2007) observed up to 10 times greater N and P concentrations in runoff from three forested watersheds in central Japan than in base fl ow. Alberts et al. (1978) determined seasonal losses of N and P in surface runoff from three agricultural watersheds located in southwestern Iowa. Th ey reported that the majority of total nitrogen (TN) and total phosphorus (TP) losses in runoff were discharged from April to June. Xu et al. (2005) reported that, in a watershed in China in 1998, SS during the high fl ow season (early July to the middle of September) was approximately 63 to 91% of the annual total. Several researchers have reported on nutrient runoff from rice paddy watersheds in the growing season. Yoshinaga et al. (2007) estimated TN losses of 18.8 kg ha −1 in runoff from a large paddy fi eld (1.5 ha). Kim et al. (2006) reported growing season TN and TP loads of 1.7 to 3.9 kg ha −1 and 0.15 to 0.77 kg ha −1
, respectively, from a 50.1-ha watershed in which more than 80% of the land was rice paddy fi elds.
In watersheds where nutrient concentrations and fl ow rates are measured, daily nutrient load may be obtained by multiplying the nutrient concentrations and corresponding fl ow rates. However, both sets of data are not always obtained in watershed studies, nor are nutrient concentrations and fl ow rates always sampled with the same frequency. Th rough simple regression approaches, relationships between loads and discharges have been developed and used to estimate nutrient loads (Alexander et al., 1996; Tomer et al., 2003; Tiemeyer et al., 2006) . A power function has most commonly been used for runoff losses of SS (e.g., Horowitz, 2003; Fujii et al., 2006; Asselman, 2000; Xu et al., 2005) . Power functions have also been used for the estimation of TN and TP losses in runoff (Kim et al., 2006; Fujii et al., 2006; Tomer et al., 2003) .
Th e standard least squares (LS) approach has been used to fi t power functions to measured hydrologic and water quality data (Fujii et al., 2006; Asselman, 2000; Tomer et al., 2003; Alexander et al., 1996) . However, LS analysis can often fail to identify outliers in fl ow or species concentration, which may limit the usefulness of fi tted relationships (Rousseeuw and Leroy, 1987) . Even a careful analysis of the LS residuals can fail to detect the outliers. More robust estimation techniques, such as M estimation (Huber, 1973) , least trimmed squares (LTS) estimation , S-estimation (Rousseeuw and Yohai, 1984) , and MM estimation (Yohai, 1987) have been developed to reduce the infl uence of the outliers.
Th e objectives of this study were to develop the overall and seasonal load-discharge relationships of losses of SS, TN, and TP from a small agricultural watershed and to use these relationships to estimate annual and monthly losses of SS, TN, and TP in surface runoff and in base fl ow. Knowledge of the patterns of SS, TN, and TP losses in runoff may provide more effi cacious remediation practices.
Methods and Materials

Study Watershed
Th is study was conducted on the HP#6 watershed, a subwatershed of the Balhan reservoir watershed (Fig. 1) , located in Bongdam-myun and Paltan-myun, Gyeonggi-do, Korea. Annual average rainfall of this region is 1198 mm, and approximately 66% of annual rainfall occurs from June to August. Th e average annual temperature is 12.3°C, the mean temperature in January is −8°C, and the mean temperature in August is 25.5°C.
Stream fl ow rates and water quality of the Balhan reservoir watershed have been monitored by researchers in the Agricultural Engineering Department of Seoul National University in Korea since 1996 as a part of research on developing Agricultural Environmental Monitoring Systems and on monitoring the Agroecological Systems (Park, 2000) . Th e Balhan reservoir watershed consists of seven subwatersheds (Fig. 1) . Th e HP#6 watershed covers 391.8 ha, with 60.8% of the total area being forested and 17.6, 13.5, and 8.1% of the total area being used for paddy fi elds, cropland, and urbanized regions, respectively. Th e predominant soils in the watershed are Inceptisols (Rural Development Administration, 2006); 41.6% of the soils in the HP#6 watershed are classifi ed as hydrologic soil group B, followed by 25, 18.9, and 14.5% in hydrologic soil groups C, A, and D, respectively. Hydrologic soil groups A, B, C, and D are classifi ed as a soil type of low runoff potential and high infi ltration rates, moderate runoff potential with above-average potential infi ltration, low infi ltration rates, and the highest runoff potential and very low infi ltration rates, respectively (USDA, 2009).
Data Collection
Measured streamfl ow, SS, TN, and TP from 1996 to 2004 were used for this study. Table 1 summarizes the number of days in the monitored period in which fl ow rates at the stream-gauging station ( Fig. 1) were measured. Th e original intent was to monitor streamfl ow at HP#6 for a whole year. However, during the winter season (approximately December-February), there are missing data during periods when monitoring devices malfunctioned. Th us, for the study period, the streamfl ow monitored at HP#6 mainly covers the rice growing season (approximately April-October).
In Korea, runoff and rainfall events mainly occur in the summer (approximately June-September). For this study, losses of SS, TN, and TP from HP#6 were estimated from April to September in each monitored year. Th e amounts of observed stream fl ow rates from January to March and from October to December in 1997 were only 7 and 11% of the total streamfl ow, respectively, and those in 2004 were only 5 and 12% of the total streamfl ow, respectively (data not given). Th e years 1996 Th e years , 1998 Th e years , 2000 Th e years , 2001 Th e years , and 2003 there are more than 70 d of missing data, were not used for the annual nutrient and SS losses from HP#6.
A portable water sampler (ISCO 3700; Teledyne Isco, Inc., Lincoln, NE) was used to collect water samples at stream-gauging stations during and between storm events. For this study, water samples collected during storm events were used to develop relationships to estimate runoff losses of SS, TN, and TP, and samples collected at least 5 d after a storm event were used to develop relationships for SS, TN, and TP losses in base fl ow. Zhang et al. (2007) used this water sampling scheme for base fl ow for their study. Th e collected samples were preserved with concentrated sulfuric acid and stored at 4°C until they were analyzed by the National Instrumentation Center for Environmental Management (NICEM, Seoul National University). A glass fi ber fi ltration method (Ministry of Environment, 2004) using glass fi ber fi lters (4.7 cm diameter and 1.2 μm pore size) (Whatman, Tokyo, Japan) was used for SS. Total N was analyzed with the Kjeltec Auto 1035/1038 System (Tecator AB, Hoganas, Sweden). A sequential plasma spectrometer (ICPS-1000 IV; Shimazu, Kyoto, Japan) was used to measure TP.
Approximately 100 water samples were used to develop load-discharge relationships for each species. Water samples were collected weekly in 1996, biweekly in 1997, and monthly from 1998 to 2004 (April through August). Additional water samples were collected during rainfall events.
Load-Discharge Relationships
Flow rates and loads are often fi tted to a straight line on a loglog plot, that is, the relationship is given by (Alexander et al., 1996; Tomer et al., 2003; Tiemeyer et al., 2006) :
), and a and b are constants. Runoff loads can be characterized by the nature of a and b in Eq. [l] . Th omas (1988) introduced the concept of the steepness of the power curve in Eq. [1]. Steep curves (i.e., curves with low a and high b values) indicate that sediments are mainly transported at high fl ow rates, whereas fl at curves indicate that sediments are easily be transported, even at low fl ow rates. Alexander et al. (1996) designated the constant b of Eq. [l] as the elasticity coeffi cient. Concentrations increase with increasing fl ow for b > 1 and decrease with increasing fl ow for b < 1 (Tomer et al., 2003) . In relationship involving SS, the constant a was classifi ed as an index of erosion severity by Morgan (1995) . Sediments can easily be transported because high a values indicate weathered, noncohesive material.
Th e constants a and b in Eq.
[1] were obtained by fi tting a straight line to log-log plots of loads against fl ow rates. Th e LS curve fi tting procedure and the S-estimation procedure introduced by Rousseeuw and Yohai (1984) were used to determine the load-discharge relationships between runoff and SS, TN, and TP. For this study, the SAS software package (SAS Institute, 2006) was used to determine the load-discharge relationships for SS, TN, and TP at HP#6. Th e SAS software provides four methods for the robust regression analysis (M estimation, LTS estimation, S estimation, and MM estimation) in the ROBUSTREG procedure. Th e S estimation introduced by Rousseeuw and Yohai (1984) is a high breakdown method and shows a higher effi ciency in statistical analyses than the LTS estimation, whereas the LTS estimation is simpler in its implementation than the S estimation.
Hydrographs consist of surface runoff and base fl ow. For this study, the monitored hydrographs were separated with the fi xed interval technique (Pettyjohn and Henning, 1979) . Th e interval is determined as an odd integer between 3 and 11 closest in value to 2N, where N, the number of days after which surface runoff ceases, is given by
with A being the drainage area in square miles (Linsley et al., 1982) . Base fl ow can be determined as the lowest discharge within an interval, and surface runoff can then be calculated by subtracting the estimated base fl ow from total streamfl ow. Th e measured monthly streamfl ow and the estimated monthly surface runoff and base fl ow are illustrated in Fig. 6d .
Th e "return fl ow" returns to the surface at the base of a natural hillslope where the surface became saturated (Musgrave and Holtan, 1964) . For this study, return fl ow was not separated from the streamfl ow hydrographs. However, return fl ow may diff erentially contribute to the load-discharge relationships because the fl ow path of return fl ow is diff erent from infi ltration-excess overland runoff . Th rough the pathway of the return fl ow via interfl ow, nutrient concentrations may change or longer travel time may increase the time to peak, decrease peak fl ow rates, and extend the duration of the recession limb (Guebert and Gardner, 2001) .
For this study, three diff erent relationships between fl ow rates and load were developed to estimate total losses of SS, TN, and TP. Additionally, four other relationships were developed to investigate seasonal variations in the relationships.
Case 1. Th e entire 9 yr of measured streamfl ow data were used to develop relationships at HP#6, which were then used to estimate the total losses of SS, TN, and TP over the monitored periods. Th e total losses were also estimated by adding the losses of those in base fl ow to those in runoff . Th ese relationships were used to estimate losses of SS, TN, and TP for April to September when most of the runoff from HP#6 occurred. Most rainfall and runoff events in Korea occur during this period.
Case 2. Seasonal load-discharge relationships were developed to investigate seasonal variation in the relationships and losses of SS, TN, and TP. For these relationships, each year was divided into four seasons: spring (MarchMay), summer (June-August), fall (September-November), and winter (December-February). Seasonal losses for SS, TN, and TP were not estimated in all the seasons because data were not collected during all of them.
Load-discharge relationships for SS, TN, and TP were developed to estimate monthly and annual losses of SS, TN, and TP in streamfl ow, runoff , and base fl ow from the HP#6 watershed. In addition to the LS estimation, S estimation was used to develop the relationships, and the two were compared. Figures 2, 3 , and 4 show the load-discharge relationships for SS, TN, and TP at HP#6 for Case 1. In this instance, there were slight improvements in r 2 for the relationships of TN and TP losses when the S-estimation procedure was used. One of the benefi ts of using the S-estimation procedure as a robust regression is demonstrated in Fig. 3a and Fig. 4a . In contrast to the S estimation line (i.e., solid lines in Fig. 2-4 ), the LS lines (i.e., dashed lines in Fig. 2-4 
Results and Discussion
Load-Discharge Relationships Using the Measured Streamfl ow
Th e load-discharge relationships using the measured streamfl ow for SS, TN, and TP at HP#6 with the S estimation are summarized in Table 2 . Th e constant b of Eq. [1] for SS ranged from 1.246 to 2.045, whereas those for TN and TP ranged from 0.567 to 1.276 and 0.780 to 1.262, respectively. Th e range of the index for the load-discharge relationships for SS was within the range (−0.23 to 2.6) reported by Asselman (2000), and those for TN and TP were within the range (0.05-1.59) reported by Alexander et al. (1996) . Th e load-discharge relationships for the entire data set had high (>0.73) r 2 values and were similar to the r 2 value for the fall and winter seasons. However, the spring r 2 values were low (<0.66). Further study is warranted to determine why the load-discharge relationship is so diff erent in the spring.
Th e seasonal equations fi tted to the data are shown in Table  2 . Th e scale parameter (a) of Eq. [1] was more consistent across the seasons than the shape parameter (b). Although the shape parameters for spring and summer were similar to the values for the entire data set, the values for fall or winter were not. However, the limited number of samples collected may not be enough to assess the signifi cance of these variations; more water samples are required for a better estimate. Because the exponents for SS are >1, the concentration of SS in runoff increases at large fl ow rates. However, for TN and TP, the exponent is only >1 for the fall season (for TN and TP) or the summer season (for TP). Th ese values (i.e., b < 1) for TN and TP suggest that large fl ows may result in diluted concentrations. Th e curves for SS can be classifi ed as being steep. Th us, most of the transport of SS occurs at high fl ow rates. Th is result can be interpreted to suggest that the structural management practices, such as submerged weirs, that decrease fl ow rates can be effi cacious in reducing SS from HP#6. However, the sediment could fi ll the area in front of the weirs, leading to reduced eff ectiveness of submerged weirs. In addition, various best management practices, including vegetated fi lter strips and wetlands, should be considered to reduce fl ow rates from the watershed. Because urbanized regions account for approximately 8% of the total watershed and this percentage is likely to increase, the construction of pervious pavements with infi ltration beds should also be considered (Bureau of Watershed Management, 2006).
Annual and Monthly Runoff Losses of Suspended Solids, Total Nitrogen, and Total Phosphorus
Th e load-discharge relationships using the estimated runoff for SS, TN, and TP at HP#6 with the S estimation are illustrated in Fig. 3 . Th e load-discharge relationship for SS in base fl ow was steeper than in surface runoff . Th e relationships for TN and TP in base fl ow were similar to those in surface runoff . Th e indices (b) of the equations fi tted to the data (1.468, 0.858, and 0.99 for SS, TN, and TP, respectively) were similar to results reported by Fujii et al. (2006) (1.538, 0.900, and 1.113 for SS, TN, and TP, respectively) from a study site with similar land use patterns. Th eir study watershed had mixed land use with mainly forests (85%), urbanized areas (11%), agricultural (3%) areas, and others. Th ese indices (b) for TN and TP were <1. Th ese results are inconsistent with early results by Kim et al. (2006) suggesting that the nutrient concentrations increased with increase of fl ow rates during the rice growing season. Th is discrepancy may be explained by considering the diff erence in the ratio of paddy fi eld to total watershed area. Th e paddy fi eld area in this instance accounts for approximately 18% of the total area, as compared with 80% in the study by Kim et al. (2006) . Similar tendencies to the research by Kim et al. (2006) have been shown in studies on nutrient runoff losses from paddy fi elds (Feng et al., 2004; Takeda et al., 1990) . Paddy fi elds are mostly ponded, irrigated, and drained during the growing season. In addition, paddy fi elds are extremely fl at, normally with slopes <0.3%. Th ese diff erences lead to diff erent hydrologic and environmental conditions in paddy fi elds in comparison to other land uses.
Th e load-discharge relationships developed for SS, TN, and TP were used to estimate the annual and monthly losses of SS, TN, and TP in runoff and in base fl ow from the HP#6 watershed. However, due to the paucity of data collected in the other months, monthly runoff losses of SS, TN, and TP were only estimated for April through September. Table  3 summarizes , respectively. Th ese ranges cover approximately 99, 93, and 96% of the data collected for SS, TN, and TP, respectively. Th ese results are similar to those obtained for SS by Xu et al. (2005) and for TN by Yoshinaga et al. (2007) . Xu et al. (2005) reported that approximately 63 to 91% of annual SS runoff losses were discharged in early July to the middle of September, whereas Yoshinaga et al. (2007) reported that approximately 60% of TN outfl ow was discharged from May to the middle of July. Th ese results suggest that more cost-effi cient strategies can be established by focusing on these periods. * Signifi cant at the 0.05 probability level.
** Signifi cant at the 0.01 probability level.
*** Signifi cant at the 0.0001 probability level. † SS, suspended solids; TN, total nitrogen; TP, total phosphorus. ‡ Where L is the load in kg ha −1 d −1 and Q is the fl ow rate in mm d −1 . § Number of collected samples.
Because the percentages are close to each other, the total annual runoff losses of SS, TN, and TP from HP#6 can be estimated from the runoff losses of SS, TN, and TP from April to September (Table 4) , 5.95 to 14.09 kg ha −1 , and 0.5 to 1.31 kg ha −1 , respectively. Th ese ranges were less than the results from a paddy fi eld study (7.3 ha) by Feng et al. (2004) but were close to the results from a watershed study (180,300 ha, mixed land use including 30% of paddy fi elds) by Jeon et al. (2007) . Feng et al. (2004) reported TN and TP loads of 41.7 and 2.74 kg ha −1 respectively, in outfl ow from April to August. Jeon et al. (2007) estimated 15.8 and 0.21 kg ha −1 of TN and TP losses in runoff , respectively, from May to September through the simulation of the developed model. Th e total losses of SS, TN, and TP from HP#6 estimated from the measured streamfl ow (Eq. [3-5]) were diff erent from the summation of the losses in surface runoff and in base fl ow estimated with Eq. [6-11] (Tables 3 and 4) . Although there is no specifi c trend for SS, for TN the summation of the losses in surface runoff and in base fl ow estimated consistently lower than the relationships from the measured streamfl ow (Eq. [3] [4] [5] ). For TP, the former estimated consistently higher than the latter (Fig. 5) . Th e diff erence between the total losses of TN and TP estimated from the former and from the latter were approximately 5 to 9 kg ha −1 and 0.8 to 1.3 kg ha −1 . Figure 6 shows the monthly losses of SS, TN, and TP from HP#6 from April to September. Surface runoff and SS, TN, and TP losses in runoff from HP#6 mainly occurred during . § N/A, not applicable. summer (Fig. 6) . Figure 6a shows the characteristics of steep curves, and Fig. 6b and Fig. 6c show those of fl at curves. As is the characteristic of steep curves, SS losses at high fl ow rates were disproportionally larger than at low fl ow rates. Average monthly percentages of the total streamfl ow, SS losses, TN losses, and TP losses over the entire 9-yr data period are shown in Fig. 7 . Th e total monthly losses of SS, TN, and TP are the summation of base fl ow and surface runoff losses. Surface runoff was the largest percentage of total streamfl ow (75%) in April, whereas base fl ow was the largest percentage of total streamfl ow (64%) in June (Fig. 7d) . Th e diff erence between the percentages of the average monthly SS lost in surface runoff and base fl ow was highest (80%) in April and lowest (6%) in July (Fig. 7a) . Similarly, for TN and TP, the highest diff erences were estimated in April and the lowest in June and July.
Conclusions
Load-discharge relationships for losses of SS, TN, and TP in measured total streamfl ow, in surface runoff , and in base fl ow were developed for the HP#6 watershed in Korea using data from 1996 to 2004. Both LS curve fi tting and the S-estimation procedures were used to determine the load-discharge relationships between fl ow rates and SS, TN, and TP. Seasonal load-discharge relationships of SS, TN, and TP were also developed for this study. Th e fi tted parameter b in Eq.
[1] ranged from 1.246 to 2.045, whereas those for TN and TP ranged from 0.567 to 1.276 and from 0.780 to 1.262, respectively. Th e large exponents of the relationships for SS indicate that high concentrations of SS are discharged at high fl ow rates. Th ose for TN and TP suggest that because most of the values are <1, large fl ows may lead to the decrease of the concentrations, except for those during the fall season for TN and TP or the summer season for TP when the values are >1. Large fl ows may lead to the increased TP concentrations. Th is diff erence implies that diff erent strategies for the reduction of SS, TN, and TP are required in diff erent seasons to effi ciently reduce nutrient losses from the HP#6 watershed. For example, in the fall or summer when large fl ows may have high TN or TP concentrations, strategies to reduce runoff volume including submerged weirs, vegetated fi lter strips, wetlands, or the construction of pervious pavements with infi ltration beds (Bureau of Watershed Management, 2006) would be most appropriate. However, in other seasons, where TN and TP concentrations are diluted in large fl ows, strategies to reduce concentrations of TN and TP could be more effi cacious than strategies to reduce runoff volume.
Th e measured total streamfl ow was separated into base fl ow and the surface runoff , and these estimated fl ow components were then used to develop relationships for SS, TN, and TP losses in streamfl ow. Th e fi tted equations were used to estimate the total annual runoff losses of SS, TN, and TP from HP#6 in 1997 , 1999 , 2002 , when the missing periods for fl ow rates were relatively short. Th e SS, TN, and TP losses in runoff from the study watershed from April to September of these years were also estimated and compared with the annual losses of these constituents. Suspended sediment, TN, and TP losses in runoff from April to September of these years comprised approximately 99, 93, and 96%, respectively, of the total annual losses. Because these percentages are close to each other, the total annual losses of SS, TN, and TP in runoff from HP#6 can be estimated from the losses of SS, TN, and TP in runoff from April to September. Th is result suggests that more costeffi cient strategies can be established by focusing on this period. Th e losses of SS, TN, and TP from HP#6 seem to be dependent on the season. However, further study of the seasonal variations of load-discharge relationships of SS, TN, and TP may be required to better estimate the seasonal losses of SS, TN, and TP from HP#6.
Th e application of the results from this watershed may be limited to small watersheds with similar land uses patterns and with similar watershed and weather characteristics. However, Betson (1965) showed that hydrologic information may be transferred with the following two-step approach: (i) disassembling a watershed into unit areas with manageable watershed characteristics and covers (or factors), and (ii) reassembling the unit area response to determine a downstream response. In the fi rst step, through statistical analysis or conceptual relationships, hydrologic eff ects can be associated with the factors. Th e watershed would then be integrated with the second step. Because the HP#6 watershed is a subwatershed of the Balhan reservoir watershed, this two-step approach may be applicable to transfer the results in this study.
Th is study does not address the question of how much infi ltrated water contributes to surface runoff to fl ow into the streams. It is recommended that this question be addressed in a future study. 
